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SUMMARY 

s' Crude o i l ,  p r i s t a n e ,  phytane,  s t e r a n e - t y p e  and o p t i c a l l y  a c t i v e  

a l k a n e s ,  po rphyr ins  and m i c r o f o s s i l s  have been found i n  t h e  Nonesuch 

s h a l e  o f  Precambrian age  from Northern Michigan.  These sed iments  a r e  ap-  

p rox ima te ly  one b i l l i o n  y e a r s  o ld .  Geologic  ev idence  i n d i c a t e s  t h a t  t h e y  

were d e p o s i t e d  i n  a n e a r  sho re  d e l t a i c  environment .  Po rphyr ins  a r e  found 

i n  t h e  s h a l e s  b u t  n o t  i n  t h e  crude o i l s  from t h e  Nonesuch format ion ,  which 

e s t a b l i s h e s  t h e  f a c t  t h a t  t h e s e  chemical f o s s i l s  a r e  adsorbed  o r  absorbed  

and immobile. Th i s  immobi l i ty  makes i t  h i g h l y  u n l i k e l y  t h a t  t h e  Nonesuch 

po rphyr ins  could  have migra ted  f r o m  younger sed imen t s ,  and t h e  wide ly  d i s -  

seminated p a r t i c u l a t e  o r g a n i c  ma t t e r  and f o s s i l s  i n  t h i s  Precambr ian  

s h a l e  a r e  c e r t a i n l y  ind igenous .  The c o n c a t e n a t i o n  of  g e o l o g i c ,  geochemical ,  

and m i c r o p a l e o n t o l o g i c a l  ev idence  s t r o n g l y  i n d i c a t e  t h a t  t h e  c rude  o i l  a s  

w e l l  as  t h e  o t h e r  carbonaceous m a t e r i a l s  i n  t h e  Nonesuch sed iments  were de- 

p o s i t e d  c o n c u r r e n t l y  w i t h  t h e  mine ra l  m a t r i x .  The composi t ions  of t h e  

a l k a n e s  and t h e  p re sence  o f  porphyr ins  i n  t h i s  Precambrian d e p o s i t  s u g g e s t s  

t h a t  organisms which a p p a r e n t l y  e x i s t e d  a b i l l i o n  y e a r s  ago  were metabol-  

i c a l l y  s i m i l a r  t o  l i v i n g  p l a n t s .  



. 4- INTRODUCTION 

P r i o r  t o  1950, t h e r e  was a p a u c i t y  o f  ev idence  f o r  t h e  e x i s t e n c e  

of Precambrian l i f e .  S e v e r a l  f a c t o r s  a p p e a r  t o  have been r e s p o n s i b l e  f o r  

t h e  p r e v i o u s  f a i l u r e  o f  s c i e n t i s t s  t o  f i n d  p a l e o b i o l o g i c a l  r e c o r d s  i n  s e d i -  

ments t h a t  were g r e a t e r  t h a n  500 m i l l i o n  y e a r s  i n  a g e .  Among t h e s e  a r e :  

( 1 )  The l a c k  of commercially impor t an t  f o s s i l  f u e l  d e p o s i t s  i n  most Pre-  

cambrian f o r m a t i o n s ;  ( 2 )  t h e  n a t u r a l  e r o s i o n  of f o s s i l s  i n  many sed imen ta ry  

rocks  d e s t r o y s  t h e  p a l e o n t o l o g i c a l  ev idence  of  former l i f e  i n  most v e r y  o l d  

sed imen t s ;  ( 3 )  c h r o n o l o g i c a l  c o n t r o l s ,  t h a t  now a r e  p rov ided  by r a d i o g e n i c  

d a t i n g ,  were seldom employed be fo re  1950. 

Modern d a t i n g  and a n a l y t i c a l  t e c h n i q u e s ,  t h e  a c q u i s i t i o n  of ex- 

t e n s i v e  p a l e o n t o l o g i c a l  r e f e r e n c e  d a t a ,  and t h e  s e l e c t i o n  of s t r a t a  t h a t  

f a v o r  t h e  p r e s e r v a t i o n  of  f o s s i l  s t r u c t u r e s  have r e s u l t e d  i n  t h e  d i scove ry  

of c o n c r e t e  ev idence  of t h e  e x i s t e n c e  of  organisms t h a t  l i v e d  a l m o s t  2000 

m i l l i o n  y e a r s  and t h e  a p p l i c a t i o n  of pa l eob iochemica l  methods a r e  

i n c r e a s i n g  t h e  i n f o r m a t i o n  t h a t  may be a c q u i r e d  by t h e  a n a l y s e s  of  carbon- 

aceous  m a t e r i a l s  i n  a n c i e n t  r o c k s .  Recent ly ,  t h e  p re sence  of b i o l o g i c a l -  

t ype  hydrocarbons i n  t h e  Nonesuch sed imen t s  have been independen t ly  r e p o r t e d  

by two r e s e a r c h  groups 5 ,6  , and m i c r o f o s s i l s  and p o r p h y r i n s ,  a l s o ,  have been 

6 i s o l a t e d  from t h e s e  d e p o s i t s .  I n  t h i s  r e p o r t ,  t h e  a n a l y s e s  of t h e  a l k a n e s  -',i, 

from t h e  Nonesuch fo rma t ion  a r e  d i s c u s s e d  i n  some d e t a i l ,  and a n  a t t e m p t  i s  
'\ 

made t o  i l l u s t r a t e  how chemical  f o s s i l s  may be used t o  s t u d y  t h e  metabolisms 

of former organisms.  



DISCUSSION 

Crude o i l s  a r e  b e l i e v e d  t o  be of b i o l o g i c a l  o r i g i n ,  and  e x t e n s i v e  

15 
i n v e s t i g a t i o n s  have e s t a b l i s h e d  the i d e n t i t i e s  and s i m i l a r i t i e s  i n  t h e  C 

and C a l k a n e s  t h a t  a r e  common t o  c r u d e  o i l s ,  s ed imen ta l  e x t r a c t s  and b io-  

l o g i c a l  l i p i d s .  

30 

Data i n  Table 1 p e r m i t  a c h a r a c t e r i z a t i o n  t o  be made of 7-11 

t h e  c rude  o i l  and benzene e x t r a c t  from t h e  Nonesuch s i l t s t o n e .  These d a t a  

i n  c o n j u n c t i o n  w i t h  o t h e r  a n a l y s e s  p r e s e n t e d  below show t h a t  b o t h  of  t h e  

Nonesuch samples  c o n t a i n  h i g h e r  c o n c e n t r a t i o n s  o f  a l k a n e s  and lower concen- 

t r a t i o n s  of a r o m a t i c  hydrocarbons t h a n  a n  ave rage  c rude  o i l .  D i f f e r e n c e s  

i n  t h e  r e s u l t s  r e p o r t e d  f o r  t h e  Nonesuch o i l  and e x t r a c t s  i n  Table  1 a r e  

n o t  s i g n i f i c a n t ,  and i n f r a r e d ,  u l t r a v i o l e t  and mass s p e c t r a  o f  t h e s e  chro-  

matographic  f r a c t i o n s  o f  t h e  Nonesuch samples  f u r t h e r  conf i rm t h e i r  equiva-  

l e n c e .  Compos i t iona l ly ,  t h e  Nonesuch samples  resemble  a h i g h l y  p a r a f f i n i c  

pe t ro l eum of t h e  type  f r e q u e n t l y  produced i n  Pennsy lvan ia .  O i l s  from o l d e r  

s ed imen t s  a r e  u s u a l l y  more p a r a f f i n i c  t h a n  o i l s  from younger sed imen t s .  

Organisms a r e  un ique ly  capab le  of  s y n t h e s i z i n g  carbon compounds 

12 which p o s s e s s  o p t i c a l  a c t i v i t y . 1 2  Alkanes from l i v i n g  t h i n g s  , r e c e n t  

s ed imen t s  "13, and c rude  0 i l s 1 4  r o t a t e  p o l a r i z e d  l i g h t  i n  a c lock-wise  o r  

p o s i t i v e  d i r e c t i o n .  Values  f o r  the  o p t i c a l  a c t i v i t i e s  o f  a l k a n e s  from 

t h e s e  s o u r c e s  and t h e  Nonesuch crude o i l 6  a r e  p r e s e n t e d  i n  Table  2.  

a p p a r e n t  from t h e s e  v a l u e s  t h a t  the Nonesuch a l k a n e s  have o p t i c a l  r o t a t i o n s  

comparable  i n  d i r e c t i o n  and magnitude t o  o t h e r  b i o l o g i c a  1 and sedimenta 1 

a l k a n e s .  

It i s  
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A gas  chromatogram o f  the  a l k a n e  f r a c t i o n  from t h e  Nonesuch c rude  

o i l  i s  p r e s e n t e d  i n  F igu re  1. A l l  l a r g e  peaks i n  t h i s  chromatogram a r e  pro- 

duced by n - p a r a f f i n s .  I n  F igu re  1, t h e  t o p s  of  s u c c e s s i v e  even-carbon 

number n-C t o  n-C peaks have been j o i n e d  by d o t t e d  l i n e s .  It i s  n o t e -  

worthy t h a t  t h e  odd-carbon number n - p a r a f f i n  peaks ex tend  above t h e  l i n e s  

18 28 

which j o i n  t h e i r  even-carbon number homologs. B i o l o g i c a l  and sed imen ta l  

a l k a n e s  f r e q u e n t l y  c o n t a i n  more odd- t h a n  even-carbon number n -pa ra f -  

f i n s  . Although,  t h i s  “odd carbon p r e f e r e n c e ”  i s  n o t  pro-  

nounced i n  t h e  a l k a n e s  from some organisms19 and most a n c i e n t  s ed imen t s ,  

7 ,10,11,15-18 

t h e  s l i g h t l y  g r e a t e r  abundances of odd- than  of  even-carbon number n-paraf -  

f i n s  i n  sed imen ta l  a l k a n e s  h a s  been r e p o r t e d  a s  ev idence  t h a t  t h e s e  com- 

pounds were made e i t h e r  by former l i f e  o r  from b i o l o g i c a l  a c i d s  and  

a l c o h o l s  7 y  11’ 18. 

i s  g r e a t e r  t h a n  t h a t  observed i n  t h e  n - p a r a f f i n s  from some organisms 

The ”odd carbon p r e f e r e n c e ”  of  t h e  Nonesuch n - p a r a f f i n s  

19 ,20  

and most c rude  o i l s ,  even some o i l s  t h a t  a r e  younger t h a n  P a l e o z o i c  i n  

Branched-chain a l k a n e s  and C and s m a l l e r  n - p a r a f f i n s  a r e  con- 21 

c e n t r a t e d  i n  t h e  f i r s t  f r a c t i o n  of s ed imen ta l  a l k a n e s  t h a t  a r e  e l u t e d  by 

n-heptane from alumina columns and n - p a r a f f i n s  a r e  removed from mix tu res  

o f  a l k a n e s  by molecu la r  s i e v e s ” .  

21 

A gas  chromatogram of t h i s  f i r s t  n- 

hep tane  e l u a t e  of  t h e  Nonesuch a l k a n e s ,  ob ta ined  a f t e r  t h e  removal of  n- 

p a r a f f i n s ,  i s  shown i n  F igu re  2 .  Peaks l a b e l e d  p r i s t a n e  and phytane i n  

t h i s  chromatogram a r e  ch romatograph ica l ly  e q u i v a l e n t  t o  p r i s t a n e  and phytane 

a s  e s t a b l i s h e d  i n  F igu re  3 .  I n  the l a t t e r  chromatogram, t h e  s i z e s  of  t h e  

p r i s t a n e  and phytane peaks were inc reased  by t h e  a d d i t i o n  of  r e f e r e n c e  
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compounds. The chromatographic  equ iva lences  of  t h e  r e f e r e n c e  and Nonesuch 

p r i s t a n e  and phytane were e s t a b l i s h e d  on f i v e  GLC columns, each  coa ted  w i t h  

a d i f f e r e n t  s u b s t r a t e .  Re ten t ion  t empera tu res  f o r  r e f e r e n c e  p r i s t a n e  and 

phytane and t h e  p r i s t a n e  and phytane peaks i n  t h e  Nonesuch a l k a n e s  a r e  

g i v e n  i n  Table  3 f o r  t h e s e  f i v e  columns. Mass s p e c t r a  o f  t h e  branched-cha in  

c o n c e n t r a t e  from t h e  Nonesuch a l k a n e s  con ta ined  l a r g e  mass 183 peaks .  I n  

t h e  mass s p e c t r a  o f  p r i s t a n e  and  phytane ,  l a r g e  mass 183  peaks a r e  assumed 

t o  be caused  by 2 , 2 , 1 0 - t r i m e t h y l d e c y l  i o n s  23 ,24  

P o l y c y c l i c  a l k a n e s  and  C and l a r g e r  n - p a r a f f i n s  a r e  c o n c e n t r a t e d  
2 5  

i n  carbon t e t r a c h l o r i d e  e l u a t e s  of s e d i m e n t a l  a l k a n e s  from a lumina .  Mass 

s p e c t r a  of  t h e  p o l y c y c l i c  a l k a n e  c o n c e n t r a t e s  from t h e  Nonesuch a l k a n e s  

have l a r g e  mass 372, 218, 217, and 149 peaks which a r e  c h a r a c t e r i s t i c  o f  

p a r e n t  s t e r o l  hydrocarbonsz5 .  S i m i l a r  p o l y c y c l i c  a l k a n e s  a r e  a p p a r e n t l y  

found u b i q u i t o u s l y  i n  b i o l o g i c a l  and s e d i m e n t a l  a l k a n e s  
7 ,10 ,18  

Geologica  1 ev idence ,  the occur rence  o f  p l a n t  f ragments  w i t h i n  t h e  

fo rma t ion ,  and t h e  d i s t r i b u t i o n  of p o r p h y r i n s  6’ 26  c l e a r l y  i n d i c a t e  t h a t  

b i o l o g i c a l  m a t e r i a l s  i n  t h e  Nonesuch fo rma t ion  were n o t  a c q u i r e d  from 

younger sed imen t s .  P r i s t a n e ,  phytane,  o p t i c a l l y  a c t i v e  a l k a n e s ,  n - p a r a f f i n s  

and s t e r a n e s  i n  t h e  Nonesuch crude o i l  and e x t r a c t ,  t h e r e f o r e ,  a r e  a p p a r e n t l y  

ind igenous  t o  sed imen t s  which were d e p o s i t e d  approx ima te ly  one b i l l i o n  y e a r s  

a g o .  I d e n t i t i e s  o r  s i m i l a r i t i e s  i n  t h e  s t r u c t u r e s  and  o p t i c a l  a c t i v i t i e s  o f  

t h e  Nonesuch and o f  modern b i o l o g i c a l  a l k a n e s  s u g g e s t s  t h a t  c e r t a i n  hydro- 

ca rbons  can be p r e s e r v e d  f o r  long p e r i o d s  o f  g e o l o g i c  t ime i n  some sed imen t s .  

A d d i t i o n a l  s u p p o r t  f o r  t h e  view t h a t  a l k a n e s  may r e t a i n  t h e i r  s t r u c t u r e s  f o r  

n e a r l y  one b i l l i o n  y e a r s  i n  some sed imen ta ry  envi ronments  may be deduced 

from t h e  d i s t r i b u t i o n  of n - p a r a f f i n s  i n  t h e  Nonesuch fo rma t ion .  Random 
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c l e a v a g e s  of  carbon bonds i n  n - p a r a f f i n s  would produce e q u a l  amounts o f  

odd- and even-carbon number molecules .  The “odd ca rbon  p r e f e r e n c e ”  o f  t h e  

Nonesuch n - p a r a f f i n s  i n d i c a t e s  t h a t  t h e s e  compounds a r e  n o t  d e g r a d a t i o n  

p r o d u c t s .  

The p r i s t a n e ,  phytane,  and po rphyr ins  i n  t h e  Nonesuch sed imen t s  

may be d e r i v e d  from c h l o r o p h y l l .  Reac t ion  pathways by which c h l o r o p h y l l  

may have been conve r t ed  i n t o  t h e  types  of  p o r p h y r i n s  which a p p e a r  w ide ly  

d i s t r i b u t e d  i n  a n c i e n t  s ed imen t s  have been e x p e r i m e n t a l l y  d e f i n e d  

p r i s t a n e  and phytane c o n t a i n  carbon s k e l e t o n s  t h a t  a r e  p r e s e n t  i n  p h y t o l ,  

which a p p e a r s  i n  an e s t e r  s u b s t i t u e n t  i n  c h l o r o p h y l l .  P h y t o l  has  been com- 

monly sugges t ed  as  p r e c u r s o r  o f  the p r i s t a n e  and phytane i n  sed imen t s  . 
However, p r i s t a n e  i s  a c o n s t i t u t e n t  of v a r i o u s  organisms 29-32, and phytane 

h a s  been t e n t a t i v e l y  i d e n t i f i e d  i n  t h e  bac te r ium V i b r i o  p o n t i c u s  . 

, and 27,28 

5 , 2 3  

33 

S ince  l i v i n g  t h i n g s  make p r i s t a n e  and a p p a r e n t l y  phytane and t h e  

p r o d u c t i o n  of  t h e s e  compounds from p h y t o l  h a s  n o t  been accomplished by 

a b i o t i c  r e a c t i o n s  t h a t  may f e a s i b l y  occur  i n  sed imen t s ,  p r i s t a n e  and phytane 

a r e  p robab ly  l e s s  r e l i a b l e  i n d i c a t o r s  o f  t h e  p r e - e x i s t e n c e  of p h o t o s y n t h e t i c  

organisms t h a t  a r e  p o r p h y r i n s .  Nonetheless ,  c o n s i d e r a t i o n s  of  m e t a b o l i c  

p r o c e s s e s  s u g g e s t  t h a t  complementary i n f o r m a t i o n  a b o u t  t h e  organisms i n  

Nonesuch-time may be o b t a i n e d  from the  p re sence  of p o r p h y r i n s  and a l k a n e s  i n  

t h e  Nonesuch sed imen t s .  

C h l o r o p h y l l  a b s o r b s  t h e  s o l a r  energy t h a t  p h o t o s y n t h e t i c a l l y  r e -  

d u c e s  20 i~ c a r b o h y d r a t e s  i n  green pianrrs. Ca rbohydra t e s  a r e  a s o u r c e  o f  

ene rgy  and p r e c u r s o r s  f o r  t h e  b i o s y n t h e s i s  of  o t h e r  b i o l o g i c a l  compounds. 

Hexoses,  d e r i v e d  from ca rbohydra t e s ,  a r e  conve r t ed  i n  l i v i n g  c e l l s  i n t o  

2 
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p y r u v a t e s  which i n  t u r n  p a r t i c i p a t e  b o t h  i n  t h e  Krebs ’  c y c l e  and l i p i d  b i o -  

s y n t h e s i s  

been t r a c e d  from s u c c i n a t e ,  a component o f  t h e  Krebs ’  c y c l e 3 7 .  

. The b i o s y n t h e s i s  of  t h e  p y r r o l e  r i n g s  i n  p o r p h y r i n s  have 

S u c c i n a t e  

34- 36 

condenses  w i t h  g l y c i n e ,  and t h e  g l y c i n e  c a r b o x y l  i s  t h e n  c l e a v e d  t o  form 

6 - a m i n o l e v u l i n i c  a c i d ,  which c y c l i z e s  t o  form t h e  p y r r o l e  r i n g s  o f  po r -  

37,38 phyr  i n s  

Because a l k a n e s  a r e  minor and c h e m i c a l l y  i n e r t  p r o d u c t s  o f  p l a n t s  

and a n i m a l s ,  t h e  metabol ism of a l k a n e s  h a s  r e c e i v e d  l e s s  a t t e n t i o n  t h a n  

most o t h e r  o r g a n i c  compounds, b u t  a l k a n e s  a r e  s t r u c t u r a l l y  and i s o t o p i c a l l y  

s i m i l a r  t o  t h e  a c i d  and a l c o h o l s  i n  b i o l o g i c a l  f a t s  and waxes3’. F u r t h e r -  

more, d i r e c t  m e t a b o l i c  t i e s  between n - p a r a f f i n s  and f a t t y  a c i d s  have been 

e s t a b l i s h e d .  n - P a r a f f i n s  a r e  conve r t ed  by o x i d a t i o n  i n t o  f a t t y  a c i d s  

i n  t h e  l i v e r s  of  mammals and chickens4’. Thus, i n f o r m a t i o n  a b o u t  t h e  s t r u c -  

t u r a  1 34-37’ 40-43 and i s o t o p i c  s e l e ~ t i v i t i e s ~ ~ ’  39 of  b i o l o g i c a l  p r o c e s s e s  

and l i m i t e d  d a t a  on t h e  metabolism of  n - p a r a f f i n s  p r o v i d e  s u b s t a n t i a l  

r e a s o n s  f o r  presuming t h a t  t h e  a l k a n e  c o n s t i t u t e n t s  o f  p l a n t  and animal  

l i p i d s  a r e  b i o s y n t h e s i z e d  e i t h e r  from a c e t a t e s ,  a s  a r e  t h e  a c i d s  and 

7,10,11 
a l c o h o l s ,  o r  from t h e  a c i d s  and a l c o h o l s  

L i p i d  b i o s y n t h e s e s  a r e  d e f i n e d  i n  even g r e a t e r  d e t a i l  t h a n  i s  t h e  

. A c e t a t e s ,  made from p y r u v a t e s ,  a r e  t h e  36,40-43 
b i o s y n t h e s i s  o f  p o r p h y r i n s  

p r e c u r s o r s  o f  ma lona te s  and mevalonates  which s e r v e ,  r e s p e c t i v e l y ,  i n  t h e  

p r o d u c t i o n  o f  s t r a i g h t -  and branched-chain a c i d s ,  a l c o h o l s ,  and hydroca rbons .  

Squa lene ,  a b ranched-cha in  C a i k e n e ,  i s  i n  t u r n  a n  i n t e r m e d i a t e  i n  s t e r o i d  

~ y n t h e s e s ~ ~ .  

30 

E q u i l i b r i a  e x i s t  between hexoses  p y r u v a t e s ,  a c e t a t e s ,  and t h e  

t r i c a r b o x y l a t e s  i n  l i v i n g  c e l l s .  Amino a c i d s ,  b u i l d i n g  u n i t s  of  p r o t e i n s ,  
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as  w e l l  as  p y r r o l e  r i n g s  a r e  made from t h e  t r i c a r b o x y l i c  a c i d s  p a r t i c i p a t i n g  

i n  t h e  Krebs '  c y c l e  34,35 

I n  e s s e n c e ,  p y r u v a t e s  a r e  a p p a r e n t l y  i n t i m a t e l y  involved i n  t h e  

p r o d u c t i o n  o f  most b i o l o g i c a l  compounds, and a l k a n e s  and po rphyr ins  a r e  

p robab ly  p r o d u c t s  of  t h e  two major b i o s y n t h e t i c  pathways from p y r u v a t e s .  

One pathway l e a d s  through a c e t a t e  t o  l i p i d s ,  and t h e  o t h e r  through t h e  

Krebs '  c y c l e  t o  t h e  s y n t h e s e s  o f  amino a c i d s  and t h e  p r o p h y r i n s .  The p r e s -  

ence of  po rphyr ins  and a l k a n e s  i n  t h e  Nonesuch fo rma t ion  t h a t  resemble por- 

p h y r i n s  i n  g e o g o l i c a l l y  young sediments  and a l k a n e s  i n  l i v i n g  t h i n g s  may 

s u g g e s t  t h a t  l i f e  which e x i s t e d  i n  Precambrian t imes  w a s  m e t a b o l i c a l l y  s i m i -  

l a r  t o  e x i s t i n g  l i f e  . 44 
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Samples 
S ori e 31: ch : 

T a b l e  1 -- 

Silica G e l  Chromatoqra2hic A n a l y s e s  

Per Cent  E l u t e d  31- 
n-Heptane  Carbon Tetrachloride Benzene  Methano l  
(A1Xar.es) (A lkanes  - Aromatics) (Aro!n3tics) (Non-Hydro- 

carbons ) 

61.2 22.2 12.7 3 .9  

61.. 5 2 5 . 3  15.4 2 . 8  

47.2 12.1 3 2 . 4  2 . 3  
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Sample  

B i o l o g i c a l  (38)  

T a b l e  2 

O p t i c a l  A c t i v i t i e s  of A l k a n e s  

S p i r o g y r a  

H y d r o d i c t y m  rst i  c u l a t u m  

V i b r i o  por,tic;is 

R e c e n t  Sedim2nt  s: 

- 

Gul f  of Mexico ( 3 6 )  
A t l a n t i c  Coast of F r a n c s  (39)  

Measured 20 
Rotat i o n  D 

a 

C r u d e  O i l s  ( 40 )  

P e n n s y l v a n i a  

Rodessa 

M i d - C o x t i n e n t a l  $1 

M i d - C o n t i n e n t a l  fl 

C a l i f o r n i a  

Nonesvch  A l k a n e s  (11, 30)  

-1.28O 

- l . o o  

-0.  94c  

-0.25 '  

-0.79O 

~ 0 . 9 3 '  

-1 .20 '  

+2.73'  

35 
5460 

a 35 
5 7 8 0  

3 

-0 .541"  ~ 1 . 5 6 9 ~  



*. 

T a b l e  3 

R e t e n t i o n  Tempera tu res  5 l 0 2 .  of 
R e f e r e n c e  P r i s t a n e  and Phy tane  and of T h e  P r i s t a n e  

and P h y t a n e  Peaks i n  T h e  Nonesuch Alkanes  

G.7?: 
0.5% S a l u t  io? 

Apiezon "L" 8% S o l u t i o n  S o l u t i o n  Benzene- 

S.dp?lied By 10% S o l u t i o ?  E l x a t e  of E l u a t e  of 
Column n -Hept a n e  Benzene MsthaRGl 

E l u a t e  of 
Barber-Colman Apiezon "K" Apiezon " L "  Apiezon " L "  Apiezon " L "  

1 9 3  184 186 1 3 7  1 3 3  P r i s t  zne  

Phy tane  208 198  1 9 9  154 144 


